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Abstract 

The energy spectra and the corresponding two- component spinor wavefunctions of 
the Dirac equation for the Rosen-Morse potential with spin and pseudospin symme- 
try are obtained. The s— wave (k = state) solutions for this problem are obtained 
r~| . by using the basic concept of the supersymmetric quantum mechanics approach and 

O-f function analysis (standard approach) in the calculations. Under the spin sym- 

metry and pseudospin symmetry, the energy equation and the corresponding two- 
component spinor wavefunctions for this potential and other special types of this 
potential are obtained. Extension of this result to k / state is suggested. 
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1 Introduction 

The Rosen-Morse potential pQ plays a fundamental role in Atomic, Chemical and Molecu- 
lar Physics, since it can be used to describe molecular vibrations and to obtain the energy 
spectra of linear and nonlinear systems. This potential is very useful for describing inter- 
atomic interaction of the linear molecules and helpful for describing polyatomic vibration 
energies including the vibration states of NH3 molecule. 
The Rosen-Morse potential [Tj is given as 

V(r) = — Uisech 2 ar + ^tanhar (1) 
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where V\ and V 2 are the depth of the potential and a is the range of the potential, re- 
spectively. The bound state energy eigenvalues and the corresponding wavefunctions of 
the "deformed" Rosen-Morse and modified Rosen-Morse potentials have been obtained by 
using Nikiforov-Uvarov method [2j E] - For this same potential, path integrals approach has 
been used to solve the Schrodinger equation [I]. Also, it has been shown that the Rosen- 
Morse potential and its PT-symmetric version are the special cases of the five-parameter 
exponential-type potential model [51 |6]. 

In addition, the energy equations and wavefunctions of the relativistic Klein-Gordon 
equation for the Rosen-Morse well and their PT-symmetric versions which are the special 
cases of the Rosen- Morse- type potential have been obtained [7j. The exact solutions of the 
trigonometric Rosen-Morse potential have been obtained by using the supersymmetric [8] 
and the improved quantization rule methods [9J. Approximate solutions of the Schrodinger 
equation for the Rosen-Morse potential for all values of orbital angular momentum quan- 
tum number (including centrifugal term £ ^ 0) have been obtained (10] . 

The solution of the Dirac equation with mixed potentials for particles such as atoms, 
nuclei and hadrons play a central role in a realistic nuclear system (TTJ [12]. The essence of 
the relativistic descriptions introduced, is to understand the relativistic behaviour of spin 
1/2 particles. In order to investigate the nuclear shell structure, the study of pseudospin 
and spin symmetric solutions of the Dirac equation has been an important area of research 
in nuclear physics [13 - 30]. 

The idea about pseudospin and spin symmetry with the nuclear shell model has been 
introduced 5 decades ago [131 EH] > this idea has been widely used in explaining a number 
of phenomena in nuclear physics and related areas. The spin symmetry in Dirac equation 
occurs when the difference of the potential between the vector potential V(r) and scalar 
potential S(r) is a constant (i. e. , A(r) = V(r) — S(r)= constant), and the pseudospin 
symmetry occurs when the sum of the potential of the vector potential V(r) and scalar 
potential S(r) is a constant (i. e. , S(r) = V(r) + S(r) = constant) [TBI 1281 1291 130] . 

These have been investigated in several nuclei for a few potentials in many areas of 
physics. For instance, the spin symmetry is relevant for mesons [3 lj ; the pseudospin 
symmetry in nuclear theory refers to quasi-degeneracy of single-nucleon doublets and can 
be characterized in the non-relativistic quantum numbers (n, £, j = £ + \) and (n — 1,£ + 
2,j = £ + |), where n, £ and j are the single-nucleon radial, orbital, and total angular 
momentum quantum numbers, respectively [131 E] • These levels have the same pseudo- 
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orbital angular momentum quantum number, I = I + 1, pseudospin quantum number, 
s — |. Pseudospin symmetry is exact when doublets with j — £ ± s are degenerate 
[221 [231 122 [32]. 

Some potentials of interest are solved ranging from exact analytical solutions (with 
various methods) to approximate analytical methods. These potentials include: harmonic 
oscillator [22-26, 33] Coulomb potential [Ml ESI EE]; Hulthen potential [SU ESI W\] Morse 
potential [40 - 45]. Others are: Woods-Saxon potential [22 - 24, 46, 47] ; Eckart poten- 
tial [27J ESI ESI HE]; Pseudoharmonic potential [JS]; generalized asymmetrical Hartmann 
potential [50] ; Manning- Rosen potential [TO], EH [52] . 

In addition, the Dirac equation with spin and pseudospin symmetry for the following 
potentials have been solved also: generalized Poschl- Teller and hyperbolic potentials [531 
1541 [55] : ring-shaped non-spherical harmonic oscillator [56]; double ring-shaped spherical 
harmonic oscillator potential [57]; Kratzer potential with an angle- dependent potential 
[58]. 

Recently, by using Nikiforov-Uvarov method, the Dirac equation is solved for some 
exponential potentials (the hypergeometric-type potential, the generalized Morse potential, 
and the Poschl- Teller potential) with any spin-orbit quantum number k in the case of spin 
and pseudospin symmetry [59]. Using Nikiforov-Uvarov method also, exact solutions of 
the Dirac equation with the Mie-type potential under pseudospin and spin symmetry limit 
have been obtained [60J. 

Motivated by the success in obtaining the bound state solutions for: the Schrodinger 
equations for the Rosen- Morse potential with and without centrifugal term {%. e. , i = 
and I 7^ 0) [1 - 10] and the Dirac equations for the Rosen- Morse potential with and without 
centrifugal term [i. e. , £ = and £ ^ 0) El [7]. We attempt to study the bound state 
solutions for the Rosen-Morse potential with spin and pseudospin symmetry in terms of 
the supersymmetric shape invariance formalism and function analysis method. 

This paper is organized as follows: In Section 2, we present the basic equations for the 
associated two-component spinors of the Dirac equation. Section 3 is devoted to finding 
the bound state solutions of the Dirac-Rosen-Morse potential, the spin symmetry and 
pseudospin symmetry solutions are obtained. In Section 4, we study some special cases 
of the Rosen-Morse type potential under the spin symmetry and pseudospin symmetry 
conditions. We summarize our conclusion in Section 5. 
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2 Basic equation for the associated two-component 
spinors of the Dirac equation. 



Using Dirac wave equation and Dirac spinor wave functions, we can obtain the two-coupled 
second-order ordinary differential equations for the upper and lower components of the 
Dirac wavefunction as follows: 

{d7 + 7) FnK{r) = [M+ EnK + s{r) ~ v{r)] GnK) (2) 



d k n 
dr r 



G nK {r) = [M — E nK + S(r) + V{r)\ F nK . (3) 



Eliminating G nK (r) in eq.(2) and F nK (r) in eq.(3), we obtain, the following two second- 
order differential equations for the upper and lower components: 

_ + ±+i + (M + ^ - A(r))(M - E nK + E(r)) - M ^_^ r) j F nK (r) = 0, 

(4) 

A 2 7(1+1) dX(r) ( d_ _ ^ 

+ ± ^- L + (M + £ nK - A(r))(M - £? n(t + E(r)) + , ^ , I G nK (r) = 0, 



rfr 2 ' r 2 ' v ' nK -v//v- — ■ -v/y ■ M-E„ K + S(r 

(5) 

where A(r) = V(r) — 5(r) and S(r) = V(r) + 5(r) are the difference and the sum of the 
potentials V(r) and S(r), respectively. We consider bound state solutions that demand 
the radial components satisfying F nK (0) = G nti (0) = and F nK (oo) = G nK (oo) = 0. 

3 Bound state solutions of the Dirac- Rosen- Morse 
potential. 

3.1 Spin symmetry solutions of the Dirac-Rosen-Morse poten- 
tial. 

Under the condition of the spin symmetry, i. e. , = or A(r) = C (constant), eq. 
flU) reduces into 



d 2 lit + 1 



2 + "Hr^ + (M + £ nK - C s )E(r) 



dr 2 r 



F nK (r) 



E 2 nK -M 2 + C s (M-E n 



F nK (r). 
(6) 



We take the Rosen-Morse potential as the E(r) [1 - 10] 

S(r) = — Visech 2 ar + V2 tanhar. (7) 



Substituting eq.© into eq.®, we obtain a Schrodinger-like equation for the s-wave (£ = 0, 
i. e. k — —1), 

d 2 



-— - + Visech 2 ar + V 2 tanhar 
dr l 



F n ,_ 1 (r) = EF n ^ 1 (r), (8) 



where V 1 = —V\{M + E n ^ - C s ), V 2 = V 2 (M + E n _ x -C a ), E = E\_ x — M 2 + C S (M - 
E n -i). 

We employ the basic concept of the supersymmetric quantum mechanics method and 
shape invariance approach to solve eq. (jHJ) [61 - 65]. The ground-state function for the 
upper radial component F nK can be written in the form 

F 0> _i(r)exp(-y W(r)dr), (9) 

where W(r) is called a superpotential in supersymmetry quantum mechanics [61 - 65]. On 
substituting eq. (jUJ) into eq. we obatin the following equation for W(r), 

W 2 {r) - -±1 = Vl sech 2 ar + V 2 tanh ar - E = ^_- 2 + ^ 2ar+1) ) - E , (10) 

eq. ( fTUl) is a non-linear Riccati's equation. 

In order to make the superpotential W(r) be compatible with the property of the right 
hand side of eq. ( TTOl) . we write the superpotential W(r) as 



We obtain the ground-state function F 0) _i(r) 

F 0i _ 1 (r) = e- Qir (e^ + 1)-^, (12) 



1 r / Jlar - s — 5-2. 



for the bound state solutions that demand the upper component F nfi satisfying the regu- 
larity conditions F nK (Q) = F nK (oo) = 0. These boundary conditions allow us to obtain the 
restriction conditions Q± > and Q 2 < 0. By these restriction conditions, we obtain 



and 



where parameter /3 is defined as 



Q 2 = -2afi, (14) 



The ground-state energy and superpotential can be expressed as 

-i 2 



E = - 



K_Q_2 

Q 2 2 



Vo 



(16) 



and 



W{r) 



_|_ c 2ar 



2ar 



+ 1 



(17) 



_Q 2 2 

By using the superpotential W(r) given in eq. (fT7j) . we can construct the following two 
supersymmetry partner potentials as follows: 

2 



U+(r) = W 2 (r) + 



C/_(r) = W 2 (r) - 



dW(r) 
dr 

dW{r) 
dr 



Yi-9i 

Q 2 2 

Q2 

Q 2 2 



+ 



+ 



2ar 



-e — 



2ar 



+ 1)^ 



(2Q l Q 2 + Ql) 2ar 



2ar 



+ 1 



e — 



(Ql - 2aQ 2 ) 



^2ar 



2ar 



+ 1 



;is) 



(19) 



By these two supersymmetry partner potentials, we obtain the following shape invariance 
relationship satisfied by the partner potentials E/_(r) and U + (r): 



U+(r, a ) = C7_(r, ai) + R(ai) 



(20) 



where a = Q 2 , o-i is a function of a , that is, = f(a ) = Q 2 — 2a, and the remainder 
R(ai) is independent of r, -R(ai) 
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Eq. (120p shows that the two partner potentials U-(r) and U + (r) have similar shapes 
and they are shape-invariant potentials [62]. By employing shape invariance approach [61 
- 65], we can calculate exactly the energy spectrum of the shape-invariant potential U-(r) 
and obtain the following results: 

= 0, (21) 
E { ~ ] = ELi R(a k ) = R( ai ) + R(a 2 ) + ... + R{a n ) (22) 
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where the quantum number n = 0,l,2,.... 
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We find that, the solution for E in eq. (JS]) can be obtained as 



E = + E = - 



V 2 



(Q 2 - 2na)< 



(23) 



Q 2 - 2na_ 

Since E = E 2 n _ x - M 2 + C S (M - E n _ x ), then , substituting eq. CH} into ([23]), we obtain 
the energy equation for the Rosen-Morse potential with spin symmetry in the Dirac theory 



M 2 -E 2 _ 1 -C S {M-E nr 



(M + E n ^-c s yv? 



+ a 2 {f3-nf 



(24) 



Aa 2 (f3-n) 2 

where the parameter [3 is as given in equation ( IToT) . 

In order to obtain the unnormalized excited wavefunctions, we use the standard func- 
tion analysis methods to solve eq. (JHJ). Using the energy spectrum expression in eq. ( 124]) . 
we re-write eq. (]H]) in the form: 



d 2 ' 
-— — Visech 2 ar — V 2 tanhar 
dr 2 



(M + £ n ,_! - C S ) 2 V 2 



(25) 

By defining a new variable of the form x = —e~ 2ar , we can transform eq. (|25p into the 
following form: 



d 2 



d 



x z —+x— + Vi 



X 



_ y 2 + _ {M + E n ^-C s ) 2 V 2 _ _ 2 



dx 



dr 



a 2 (l — x) 



' a 2 (l — x) 



16a 4 (/3 - n) 



Fn,-x{r) 
(26) 

By taking the function F n> -i(x) as F n -i(x) = x A (l — x) l3 F(x), we obtain eq. ([26]) in 
the form of the hypergeometric differential equation [66J 



x(l — x) 



d 2 F(x) 



+ [2A + 1 - (2A + 2(3 + l)x 



dF(x) 



{2f3 + n)(2\ - n) = 0, 



(27) 



dx 2 1 1 y 1 dr 

where A = \[n + (3 + ^^^^{p-n)^ 2 ) ■ Hence, the upper spinor component F n> _i(r) of the 
radial wavefunction corresponding to energy level i£„_i is, 



N., 



n,-l\ 



•ir e 



\-2a\r. 



1 + e 



-2a\r\ 



2 F 1 (2(3 + n,2\- n, 2A + 1; -e 



-2a\r\ 



(28) 



The lower spinor component G n ,-i( r ) can be obtained from eq. with k = — 1 and 
on re- writing eq. we have, 



G n ,_i(r) 



d 1 

dr r 



^n,-i(r). 



(29) 



M + £ n _i - C 

In order to obtain the lower spinor component G n _i(r), we employ the use of the recurrence 
relation of the hypergeometric function [66] , 



-|[ 2 F 1 (a, 6, c; 0] = - 2 *i(a + 1, b + 1, c + 1; £). 



(30) 



Therefore, the lower spinor component G n ,-i( r ) corresponding to the upper component 
F ni _i(r) and energy level E n -\ is, 

p -2a\rn _|_ e -2ar\/3 



c„,_ lW = -N n ,_ l{ -iy M + E ^_ c 

x[(2a\ + 2a(3e- 2ar (l + e" 2 ^)" 1 + ±) 2 Fi(2/3 + n, 2A - n, 2A + 1; - e - 2m ') 

2a(2^+n)(2A-w)e~ : 



(31) 



2A+1 



2^(2/3 + n + 1, 2A - n + 1, 2A + 2; -e~ 2Q!r )]. 



3.2 Pseudospin symmetry solutions of the Dirac-Rosen-Morse 
potential. 

For the case of exact pseudospin symmetry, i. e. , ^jp- = or S(r) = C ps (constant), eq. 
(El) reduces into 



dr'' 



+ 



(M - E nK + C ps ) A(r) 



£ 2 k -m 2 -cum + £„ 



We take the Rosen- Morse potential as the A(r) 



A(r) = — Visech 2 ar + V 2 tanhar. 



G nK {r) 
(32) 



(33) 



Substituting eq. (133]) into eq. fl32l) . we obtain a Schrodinger-like equation for the s-wave 
(1 = 0, i. e. « = 1), 

d 2 



<ir s 



+ Visech ar + V2 tanh ar 



G Hil (r) = EG n>1 (r), 



(34) 



where 



V x = Vi{M- E nA + C ps ),V 2 = -V 2 (M - E n>1 + C ps ),E = E 2 n<1 - M 2 - C ps {M + E nA ). 

Using the same procedure of solving eq. (jSJ), we obtain the energy equation for the Rosen- 
Morse potential with pseudospin symmetry in the Dirac theory, 



M 2 -E 2 nl + C ps {M + E rhl ) 



(M - E nA + C ps ) 2 V 2 



+ a 2 ((3 - nf 



Aa 2 (/3 - n) 2 

where the parameter /3 is as given in eq. ffl5|) and the quantum number n — 1,2,3 
The unnormalized lower radial wavefunction is given by 



(35) 



G„,i(r) = iV nil (-l) A e- 2aAr (l + e~ 2ar f 2 F 1 (2(3 + n,2\- n, 2A + 1; -e~ 2ar ) 



(36) 
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j + H 4(M-E ntl +C ps )V 1 



where A and (3 are given as, A = \ [n+[3— ^^Slp-n)^ 2 J an< ^ P = \ 
respectively. In a similar manner, we obtain the upper spinor component F ra l (r) corre- 
sponding to the lower component <j n ,i(r) and energy level E Ui \ as 

^,(r) = M \ i + C l (37) 

x[(-2aA + 2a/3e" 2ar (l + e~ 2ar )- 1 + ±) 2^(2/3 + n, 2A - n, 2A + 1; - e - 2ar ) 
_ 2a(2/3+n)(2A-n )e -^'- ^(20 + n + 1, 2A - ri + 1, 2A + 2; - e - 2ar )]. 

4 Some special cases of the Rosen- Morse type poten- 
tials 

4.1 Standard Eckart potential 

In this subsection, we set V\ = —V\ and V 2 = —V 2 in eq. ([I]), and eq. <^ reduces to the 
standard Eckart potential [67J 

V(t) = Visech 2 ar — V^tanhar. (38) 

For the spin symmetry solutions of this potential, the energy eigenvalues, E n _i, the upper 
and lower spinor components F n i and G n \ of the radial wavefunctions corresponding 
to this energy level are given, respectively as : 

M 2 - El_ x - C S (M - = {M+ ^:°/ Vi + « 2 (/3 - n)\ (39) 

F n ,_!(r) = iV n ,_ 1 (-l) A e- 2oAp (l + e~ 2aXr f 2 F l {2(5 + n, 2A - n, 2A + 1; - e - 2aXr ), (40) 



,e 



-2oAr, 



1 + e"2 Q rX/3 



x[(2«A + 2a/3e" 2Qr (l + e" 2 ^)" 1 + ±) 2 Fi{2/3 + n,2\- n, 2A + 1; -e~ 2ar ) 

_ 2a(2/ 3+ n)(2A-n )e -^- ^(2/3 + n + 1, 2A - 71 + 1, 2A + 2; -e^)], 

where parameters A and (3 become 

A = 2 [n + /? 2^^n) ] ' (42) 

and 



P =lU + ^- <W + y- C -' \. (43) 
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Similarly, for the pseudospin symmetry solutions of this potential, the energy eigenval- 
ues, E nt i, the lower and upper spinor components G n ,i and F n> i of the radial wavefunctions 
corresponding to this energy level are given, respectively as : 

M 2 - < x + C ps (M + E nA ) = iM ~Jfy+nf V * + ^ - n)2 ' (44) 
G n ,i(r) = iV„,i(-l)V 2QAr (l + e~ 2ar f 2 F 1 (2(3 + n, 2A - n, 2A + 1; - e - 2ar ), (45) 

p ~2a\r(-\ I p -2ar\/3 

f ^= n ^ x m-e!, 1+ c! (46) 

x[(-2aA + 2a/3e~ 2ar (l + e - 2ar ) _1 + 2^(2/3 + n, 2A - n, 2A + 1; -e" 2ar ) 

_ 2 a(2/3 + n)(2A-n) e -^'- + n + ^ 2 A - fl + 1, 2A + 2j -e^)], 

where A and (3 are given as, 



and 



^ 2 



■1 + 1 1 + 



4(M - £ njl + C ps ) V x 



a 2 



(48 



4.2 PT- symmetric Rosen-Morse potential 



If we choose V2 — > — iV<a i n eq. ([T]), then, eq. (DO) becomes the PT-symmetric Rosen- Morse 
potential El [10] 

V(r) = — Visech 2 ar + 1V2 tanh ar. (49) 

For a given potential V(r), if V(r) = V*(— r) exist, the potential V(r) is said to be PT- 
symmetric, where P denotes parity operator (space reflection, P : r — » — r, or r — > 77 — r) 
and T denotes time-reversal operator (T : i — > —i). 

For the case of the spin symmetry solutions of this PT-symmetric version of the Rosen- 
Morse potential, the energy eigenvalues, E n _ x becomes 

M 2 - El_ x - C S (M - E n -i) = - {M+ ^~°/^ + ~ n f- (50) 

The Hamiltonian in this case is non-Hermitian or pseudo-Hermitian, this has interesting 
consequences in random matrix theories [HE] and the decay bound state or decay resonances 
[69| I70t El The loss of hermiticity of the Hamiltonian (in this case) seems to imply 
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complex energies for localized eigenstates, with Im E n ^ and consequently a certain rate 
of decay of any localized state [72]. 

The upper and lower spinor components F n i and G n ,-i of the radial wavefunctions 
corresponding to this energy equation are: 



F n ,(r) = N n ,(-l) x e- 2aXr (l + e- 



2 F 1 (2(3 + n, 2A - n, 2A + 1; -e~ 2aXr ) } (51) 



and 



G n ,_i(r) = -TV^-l) 



A e- 2aAr (l + e" 2ar )^ 



M + £ n ,-i - C 

x[(2«A + 2a(3e~ 2ar (l + e~ 2ar )- 1 + ±) 2 -Fi(2/3 + n, 2A - n, 2A + 1; -e~ 2ar ) 

2a(2/3+n)(2\-n)e- [ 
2A+1 



(52) 



2 Fx(2/3 + n + 1, 2A - n + 1, 2A + 2; -e- 2Qr )], 



where parameters A and /3 become 



A= 2 [r2 + /3 " Z 2^(^) ] 



and 



g = i|-i + < /i + 4y ' (Jtf + V'- c ' 



(53) 



(54) 



For the case of the pseudospin symmetry solutions of this potential, E n) i, G n> x and F n ^ 
are respectively obtained as : 



(M - £ n ,i + C ps ) 2 V 2 



M 2 -E^ + C ps (M + E n , 



2 +a 2 {(3-n) 2 , (55) 



Aa 2 (/3-n) 2 

G n>1 (r) = N nA (-l) x e- 2aXr (l + e' 2ar f 2 F x (2/3 + n,2X- n, 2A + 1; -e~ 2ar ), (56) 



fn,i(r) = iV n ,i(-l) 



x e~ 2aXr (l + e- 2ar Y 



M - E nA + C ps 

:[(-2a\ + 2a(3e~ 2ar (l + e' 2 ^)- 1 + ±) 2^(2/3 + n, 2A - n, 2A + 1; -e~ 2ar ) 



(57) 



2a{2j3+n){2\-n)e- 
2A+1 



2^(2/3 + n + 1, 2A - n + 1, 2A + 2; -e~ 2ar )} } 



where A and (3 are given as, 



1 . (M-£ n , 1 + C ps )y 2 l 

A= 2 [n + /3 + ^ 2 a 2 (/3-n) ] 



and 



/9 



_ / 4(M - E n;1 + C^Vi 



OL 



(58) 



(59) 
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4.3 Reflect ionless- type potential 

Choosing V 2 = and V\ = ^7(7 + 1) in the eq. (pO), then, eq. §Q becomes the reflectionless- 
type potentialjlj [73] . 

V(r) = — 7(7 + l)sech 2 ar, (60) 

where 7 is an integer, i. e. 7 = 1, 2, 3, ...... . 

For the spin symmetry solutions of the reflectionless-type potential, the energy eigen- 
values, E n -i is, 

M 2 - El^ - C S (M - £ n ,-i) = « 2 (/3 - nf. (61) 

The upper and lower spinor components F n _\ and G n ,-i of the radial wavefunctions cor- 
responding to this energy level are given, respectively as : 

F n ,_i(r) = iV n ,_i(-l) A e- 2aAr (l + e ~ 2aXr 'f 2 F l {2(3 + n, 2A - n, 2A + 1; -e" 2aAr ), (62) 

-2a\r(-\ _|_ p -2ar\/3 

<V.M = -iV.(-D* M+ V_,- C < 63 > 

x[(2«A + 2«/3e" 2Qr (l + e~ 2ar ) _1 + ;) 2^1 (2/3 + n, 2A - n, 2A + 1; -e" 2ar ) 

_ 2 a(2/ 3 +n)(2A-n )e -^" + ^ + ^ 2A _ r + ^ 2A + 2; _ e -2ar)] j 



the parameters A becomes 

X = \[n + Pl (64) 

where 



g = i -l + Jl + ^ +1 ""J^- C -' ). (65) 



Similarly, the pseudospin symmetry solutions of this potential, £7 n ,i, G^i and F ni i are 
respectively obtained as : 

M 2 - £ 2 jX + C ps (M + E nA ) = a 2 (f3 - n) 2 , (66) 

G„,i(r) = iV nil (-l) A e- 2aA ' r (l + e~ 2ar Y 2 F 1 (2/3 + n, 2A - n, 2A + 1; -e~ 2ar ), (67) 

-2aAr/i , p -2ar\/3 

F„,(r) = *■,,(-!)' M _ ( ^ + C J (68) 
x[(-2aA + 2a/3e- 2ar (l + e"^)" 1 + 7) 2^(2/3 + n, 2A - n, 2A + 1; -e" 2ar ) 

_ 2a(2/?+n)(2A-n) e ^ + n + 2 A - n + 1, 2A + 2j -e" 2 ^)], 



2A+1 
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the parameter A is given as, 



(69) 



where 



2 7 ( 7 + l)(M-E n , 1 + C ps ) 
a 2 



(70) 



5 Conclusion 

In conclusion, we obtained the energy eigenvalues and the spinor wavefunction of the Dirac 
equation with the Rosen- Morse potential for s-wave bound states under the spin symmetry 
and pseudospin symmetry. By adopting the basic concepts of the supersymmetric quantum 
mechanics approach and function analysis method, the energy eigenvalues and associated 
two-components spinors are obtained. These solutions have been obtained analytically. 
With appropriate values of V\ and V2, the spin symmetry and pseudospin symmetry so- 
lutions (the energy equations and the corresponding upper and lower spinor components) 
of the Eckart-type potential, PT-symmetric version of the Rosen-Morse potentials and the 
reflectionless-type potential are obtained. We suggest that with this approach, K-state 
solutions of the Dirac equation for the Rosen-Morse potential with pseudospin and spin 
symmetry can be obtained using improved approximate analytical approach, that is, for 
case I 7^ 0, problems with centrifugal/pseudo-centrifugal term. It is worth noting that at 
the final preparation of this work, it was found that using improved approximate analytical 
approach for case i 7^ 0, the solutions of the Dirac equation for the Rosen-Morse potential 
with pseudospin symmetry and spin symmetry have been obtained using Nikiforov-Uvarov 
method |74j. 
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